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We, The Beitish Thomson-Houston 
CoMRusy, Limited, a British company 
having its registered office at Crown 
House, Aldwych, London, W.C.2, do 
hereby declare the nature of this inven- 
tion and in what manner the same is to 
be performed, to be particularly described 
and ascertained in and by the following- 
statement: — 

Our invention relates to electromagnetic 
apparatus, and more particularly to high 
speed operating apparatus having electro- 
magnetic means for effecting an energy 
storing operation in combination with a 
magnetic release. 

In a conventional form of operating 
mechanism for reciprocally operable appa- 
ratus such as a circuit breaker, for 
example, a spring is arranged to be 
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stressed by a cam or the tike for storing 
energy for a working stroke. The energy 
is released by suitable latching and trip- 
ping mechanism that- is responsive in turn 
to an electromagnetic tripping impulse. 
25 Accordingly, it will be apparent that this 
type of mechanism is not only complicated 
but also involves a certain time lag due 
to inertia and lost motion after initiation 
of the tripping impulse. 

A principal object of the present inven- 
tion is the provision of an improved high 
speed operating mechanism of the electro- 
magnetic type that is simple and compact 
in construction and capable of releasing 
35 without delay a large operating force. In 
accordance with the invention, an electro- 
magnetic operating mechanism comprises 
a magnetic structure including a rela- 
tively movable armature arranged to form 
a magnetic circuit with a permanent mag- 
net, the armature being reciprocally mov- 
able and comprising cylindrical portions 
of different diameters adapted to form with 
the magnetic structure separate holding 
surfaces normal to the direction of motion 
of the armature, a spring structure for 
biasing the armature toward an open 
magnetic circuit position for effecting a 
working stroke, an energising coil also 
related to the magnetic circuit for attract- 
ing the armature to the closed magnetic 
circuit position against the bias of the 
spring structure, the permanent magnet 
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being effective solely to hold the arma- 
ture at the holding surf aces in the closed 
magnetic circuit position against the bias 
upon de-energisation of the coil, and elec- 
tromagnetic means (e.g. a separate coil) 
for establishing and concentrating an 
opposing flux at one of the holding sur- 
faces for releasing' the armature whereby 
the spring- structure is effective to move 
the armature at high speeds to the open 
magnetic circuit position. 

Jor a clearer understanding of the 
invention attention is directed to the 
accompanying drawings in which Pig. 1 is 
a sectional view in elevation of an electro- 
magnetic device embodying the invention 
as applied to an electric circuit breaker; 
Fig. la is a partial view of the apparatus 
shown by Fig. 1 in the closed magnetic 
circuit position prior to tripping; Fig. 2 
is a similar view illustrating a modified 
form of the magnetic structure shown in 
Pig. 1 ; Pig. 3 is a sectional view in eleva- 
tion of another form of our invention also 
applied to a circuit breaker of the reclos- 
in g type ; Fig. 4 is a graphical illustration 
of the reclosing characteristics of the appa- 
ratus shown by Fig. 3 ; Fig. 5 is a sectional 
view of another form of our invention that 
is capable of trip-free operation ; Figs. 5a, 
56 and be illustrate diagrammatically the 
various operating positions of the appa- 
ratus shown by Pig. 5. Pig. 6 is a sec- 
tional view in elevation of another form 
of trip-free apparatus as applied to a cir- 
cuit breaker of the fluid blast type; Pig. 
6a is a graphical illustration of forces, 
involved in Pig. 6 ; Pig. 7 is a sectional 
view of a modified form of the magnet 
holding surfaces for increasing the effec- 
tiveness of the holding flux; and Pig. 8 is 
a perspective view illustrating a modifi- 
cation of the magnetic circuit arrange- 
ment shown by Fig\ 7 for obtaining cali- 
bration of the holding force. 

The electromagnetic device illustrated 
by Fig. I comprises a solenoid arrange- 100 
ment including an energising coil 1 and 
magnetic structure for completing a mag- 
netic circuit for the coil flux including a 
pair of disc-like pole pieces 2 and 3. The 
pole piece 3, which comprises a disc com- 
posed of magnetic material, such as iron 



00 



60 



65 



70 



75 



80 



85 



90 



95 



105 



2 



©r steel, is provided "with, a central hub 
JKirtion 3 l extending part way within the 
coil 1 for co-acting with, a movable arma- 
ture 4 that is reciprocally guided within 

6 the opposite pole piece 2. The armature 
4 is provided with a flange 4 1 arranged to 
engage the pole piece 2 co-incident with 
engagement of the lower end of armature 
4 and pole piece 3 1 . The ermature 4 is 

10 also provided with an insulating' or non- 
magnetic rod 5 for co-acting with a spring 
. 6 so that the armature is biased toward 
the open, magnetic circuit position shown. 
Tbe spring 6 is seated between a fixed 

15 tubular extension 7 secured to the lower 
. pole piece 3 and a flange 8 secured to the 
insulating' red. Accordingly, when the 
armature 4 is drawn within the solenoid in 
response to energisation thereof, the 

20 spring- 6 is stressed and an energy storing 
operation is thereby perf ormed. 

l?or the purpose of holding ibe spring 
6 under tension when the solenoid 1 is 
de-energised, there is provided a per- 

25 manent magnet M comprising in the 
present instance a eylindrieal member 9 
composed of a precipitation-hardened per- 
manent magnet alloy of the character 
described in our British Patent Eos. 

30 433,897 and 424,746. This permanent 
magnet material has a very large mag- 
netomotive force, the closed circuit flux 
output being of tbe order of 25 Mlolines 
per square inch. This magnetomotive 

85 force is sufficient, even in the case of a 
small cylinder a few inches in diameter 
to maintain charged a comparatively 
powerful spring' after the armature hold- 
ing surfaces 2— 4 l , and 3 1 — 4 have been 

40 brought into engagement. The above 
arrangement can be suitably assembled by 
mounting the coil 1 within the cylinder 19 
and damping the cylinder between the 
pole plates 2 and 3 by through bolts 10 or 

45 the like. With this arrangement the 
energising coil and permanent magnet 
use the same magnetic circuit. 

It will be noted that the movable arma- 
ture provides twa separate holding' sur- 

50 faces, viz : — that at the lower side of the 
flange 4 1 and! at the lower end of the plun- 
ger 4. These surf aces are normal to the 
direction of motion of the plunger, there- 
by insuring double use of the entire jer- 

55 manent magnet holding flux, and also a 
corresponding increase in the holding 
power. 

Another expedient f or increasing the 
holding power of the permanent magnet 

60 lies in designing the aforesaid holding 
surfaces for optimum area, that is, relat- 
ing the holding area to -the total holding 
flux so that a maximum holding power 
results. Also the two air gaps at the 

65 aforesaid holding surfaces and pole pieces 



respectively are related so that as the gaps 
are closed simultaneously the armature 4 
is seated with considerable impact. In 
other words, the movable armature 
delivers a hammer blow simultaneously to 70 
each pole piece 2 and 3 1 so that the impact 
is transmitted to the permanent magnet 
M. This hammer blow has the effect of 
increasing the magnetomotive force of the V 
permanent magnet in the presence of the 75 
magnetising flux of the main solenoid 1. 

Assuming- now that the armature 4 is in 
closed magnetic circuit jposition and is 
being held solely against the bias of spring 
6 by tbe permanent magnet, the armature 80 
can be released by suitable electromag- 
netic means arranged to establish a flux 
opposing that of the holding magnet at 
one of both of the holding surfaces. 
Although this can be accomplished by 85 
momentary energisation of the coil 1 afT 
reverse polarity, improved high speed 
operation results, if a small tripping coil 
11 is disposed closely adjacent to one of 
the holding surfaces so as to build up a 90 
releasing flux at very high speed. Such a 
coil would be specially designed for high 
speed release and would preferably be of 
iie character disclosed in our British 
Patent Kb. 500,472. In the above system 95 
the number of coil turns is an optimum 
for the rate of increase of the tripping 
flux. 

The tripping coil 11 can be compactly 
mounted witiun an insulated annular 100 
pocket in the coil 1 as illustrated or can be 
suitably interleaved with the turns of the 
coil 1 at that location. In any event, the 
arrangement is pref erably such that the 
tripping flux path through armature 105 
plunger 4 and the holding surfaces at 2 
and 4 1 is of minimum length, in order to 
insure a maximum tripping speed. It will 
be noted that in the jresent instance the 
tripping flux threads both holding sur- 110 
faces to oppose the magnet holding flux 
although the main releasing flux acts at 
4 1 . In view of the fact that the holding 
power varies as the square of the flux den- 
sity, the effective holding flux need be 115 
reduced only about 10 or 12 per cent, in 
order to release the comparatively large 
spring force. 

In order further to insure maximum 
speed of release of the spring energy, it ISO 
is essential that the permanent magnet 
holding force decrease at a very rapid rate 
at the instant of separation of the holding 
surfaces. This is accomplished in the 
present instance by shunting most of the 125 
holding flux at the instant of separation so 
that it has minimum holding force. It is 
well known that it is less difficult to slide 
the keeper of a magnet across the (holding 
surface by a shearing motion than it is to 130 
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pull tlie keeper directly- away from the 
holding surface. la the present construc- 
tion this characteristic is utilized by pro- 
viding- a thin insulating spacer, such as a 
5 fibre cylinder 12, 5 / 8 " in thickness, for 
example, between the pole piece 2 and the 
plunger portion of the armature 4. 
Accordingly, when the holding surfaces at 
2 and 4 l start to separate the nolding flux 

10 is progressively shunted directly across 
the insulating gap defined by the fibre 
spacer 12. This, flux, however, is in a 
direction normal to the direction of motion 
of the plunger and therefore has minimum 

15 holding effect. The spring 6 therefore is 
effective to accelerate the movable arma- 
ture very rapidly after this initial separa- 
tion of the holding surfaces. 
In the arrangement above described a 

20 fibre spacer */«* in thickness permits the 
reluctance of the path from the upper pole 
piece 2 to the plunger 4 through the insu- 
lating gap at the fibre spacer to equal the 
reluctance across the upper holding sur- 

25 faces between 2 and 4 1 when the plunger 
is less than */ M " away from, its holding 
surfaces. Hence, as the plunger moves 
from direct- contact to 1 /i G " stroke, the 
holding flux shifts from a direction 

30 parallel to the plunger motion where it 
has a maximum restraining force to a 
direction which is normal to the line of 
motion and hence has no force component 
restraining the plunger against the bias 

35 of spring 6. 

The relation of the tripping flux to the 
holding flux is diagrammatieally illus- 
trated by Fig. la which illustrates the 
armature 4 in the closed magnetic circuit 

40 position where "it is held solely by the per- 
manent magnet flux indicated by the solid 
line arrows at H. As previously pointed 
out the main charging coil or solenoid 1 
is de-energised at the completion of the 

45 charging stroke. When the high speed 
working stroke under influence of the 
spring 6 is to be performed, the tripping 
coil 11 is energised so as to establish an 
opposing or tripping flux indicated by the 

50 chain arrows at T for decreasing the effec- 
tiveness of the holding flux H. As illus- 
trated, the flux H normally takes a path 
through tiie holding surfaces at 2 — 4 1 and 
4 — 3 1 normal to the direction of motion of 

55 the plunger, returning by way of the 
source of magnetomotive force, i.e., the 
permanent magnet M. The tripping flux 
T tends to shunt the holding flux H 
around the tripping- coil as indicated by 

60 the dotted line path, and to tins end the 
coil 11 is comparatively short and com- 
pactly arranged adjacent to the holding 
surfaces at 2— -4 1 , so that tiie reluctance of 
the aforesaid shunt path for the flux H 

65 need not be greater than necessary. 



This compact arrangement of the trip 
coil 11 with respect to a holding surface of 
the magnetic circuit results in high trip- 
ping speed by reason of the short iron path 
for the tripping- flux and the shorl shunt 70 
path for the deflected holding flux. 

The modification illustrated by Fig. 2 is 
designed further to increase the tripping 
speed. In this ease the tripping coil 11 is 
provided with a cup-like magnetic shell 75 
ll 1 suitably secured to the fixed pole piece 
extension 3 l for decreasing the reluctance 
of the path for the tripping flux. In the 
closed position of the armature 4 the mag- 
netic circuit for the tripping flux is com- 80 
plete, except for the essential gap at the 
point 13. It will also be noted that the 
magnetic shell or cup ll 1 within which the 
tripping coil is mounted also serves to 
decrease the reluctance of the shunt path. 85 
for the flux H during the tripping opera- 
tion as illustrated in Fig. la. The cross- 
section of the core ll 1 is small so as to 
saturate quickly in the presence of the 
closing ampere turns. By energizing the 90 
trip coil reversed in parallel with coil 1, 
both can aid in closing the device. 

The tripping flux path is further 
shortened at the upper holding surfaces by 
countersinking the flange 4 1 of the plunger 95 
armature with respect to the pole piece 2. 
That is, the length of the flux path from 
the pole piece 2 to the plunger 4 is now 
decreased substantially by the thickness 
of the pole piece 2. A further advantage 100 
of this arrangement is that the stroke of 
the plunger can be decreased and thereby 
the size and weight thereof decreased 
accordingly, so that the inertia of the mov- 
ing element is reduced. This inertia is 105 
even further reduced in the present 
arrangement by arranging the charging 
spring 6 above the solenoid so that a short 
connecting rod 14, as compared with the 
rod 5 of Fig. 1 which extends through the 110 
lower pole piece 3, can be used. The 
spring 6, as in the previous instance, nor- 
mally biases the plunger 4 toward open 
magnetic circuit position and. is seated 
between a fixed bracket support 15 115 
mounted on the pole piece 2 and a disc 16 
secured to the rod 14. The means to be 
actuated is suitably related to the mem- 
ber 16. 

As previously stated the present inven- 120 
tion is applicable to reciprocally operated 
apparatus such as circuit breakers, but it 
should be understood that the invention is 
not limited tiiereto and may, for example, 
have general application as a thrust-trans- 125 
mitt rag mechanism. 

Referring again to Fig. 1, the device is 
illustrated as applied to a specific iorm of 
oil circuit breaker of the fluid blast type. 
The circuit breaker obviously may be of 130 



4 



536,281 



any suitable type and, in the present 
instance comprises a cylindrical casing 17 
depending from the lower pole piece 3 and 
partly filled with oil to a level indicated. 
5 The circuit breaker structure comprises a 
pair of relatively movable contacts, such, 
as a fixed contact 18 suitably mounted in 
tbe bottom of the casing and connected to 
a circuit terminal 19, and a movable con- 

10 tact 20 connected to tbe lower end of the 
plunger rod 5 and also suitably connected 
through conductors 21 and 23 to the other 
circuit terminal 23. The movable con- 
tact rod is also provided with a piston 24 

15 operable within an insulating cylinder 25 
having an opening at 26 for the movable 
contact. The cylinder 25 is .also provided 
with a port 27 communicating with the 
main oil body, A one-way valve 28 is like- 

20 wise mounted in the cylinder 25 for pre- 
venting retardation of the piston during 
the opening stroke. 

When the device is tripped to open the 
breaker contacts 18 and 20, the spring 6 

25 drives the piston 24 upward co-incident 
with opening movement of the contact 20 
so as to force oil as indicated from the port 
27 across the arc path at the lower part of 
the casing to exhaust at 29 through an 

30 upper partition 30. Accordingly, the work- 
ing stroke of the spring 6 can be utilized 
to accomplish not only a circuit-opening 
operation, but also an effective arc-extin- 
guishing blast of a suitable medium. The 

35 breaker is closed by energisation of the 
solenoid 1 which also recharges the spring 
6, resets the device with respect to the per- 
manent magnet holding flux, and 
recharges the permanent magnet. 

40 Under certain operating conditions it is 
highly •desirable that a circuit breaker be 
adapted to reclose within a very short time 
after interrupting a fault current. The 
reclosing speed should not appreciably 

45 exceed the time required for interrupting 
the fault current and therefore must be of 
the order of a few cycles of commercial 
frequency- An important characteristic 
of the electromagnetic device above 

50 described resides in high speed reclosing 
ability. 

In the arrangements shown by Figs. 1 
and 2 the trip coil 11 is not necessarily 
used for the reclosing cycle. The -charg- 

55 ing coil 1 can be simply energised at 
reverse polarity as indicated at S (Fig. 
1) to trip the breaker and to effect the high 
speed reclosing operation as graphically 
illustrated by Fig. 4. As the coil current 

.60 starts to build up at reverse polarity, the 
device trips as in the previous instance by 
the flux-shifting or flux-opposing prin- 
ciple, since the holding flux H is now 
directly opposed by the flux of the charg- 

65 ing coil. Accordingly, the spring 6 func- 



tions to open the mechanism even before 
the coil current has increased to its normal 
value. However, as the coil current con- 
tinues to build up, the permanent magnet 
is charged with reverse polarity, and the 70 
movable plunger 4 is immediately 
retracted again to close the magnetic cir- 
cuit and also the circuit breaker. The 
charging- coil circuit is then mterrupted 
and the permanent magnet functions as 75 
before to maintain the spring charged 
until another tripping operation is per- 
formed. 

The operation can be clearly understood 
by reference to the graphs of Fig. 4. In 80 
the closed position, me ..permanent magnet 
has, for example, a holding force of 
approximately 1500 pounds. Assuming 
that the opposing spring force is 1200 lbs., 
a tripping flux equivalent to but 300 lbs., 85 
is necessary. This flux is indicated as 
corresponding approximately to 10 amps, 
in the solenoid circuit, at which point trip- 
ping occurs as shown at t by the Travel 
graph. As the solenoid current continues 90 
to increase the polarity of the holding 
magnet is reversed •and the holding force 
is reduced to zero. Further increase^ in 
the solenoid current causes the reclosing 
force to build up as clearly shown by the 95 
Force graph. When the reclosing force 
reaches a predetermined amount, the 
inertia of the moving structure is over- 
come and reversal or reclosing thereof is 
initiated at r as shown by the Travel 100 
grapb. After reclosure the solenoid 
current is interrupted and simultaneously 
the solenoid force is replaced by the hold- 
ing force of the permanent magnet. The 
apparatus is then in condition for another 105 
reclosing cycle that is started by energis- 
ing the solenoid with reversed polarity. 

A subsequent reclosing operation is per- 
formed by simply again reversing the 
polarity of the charging coil and the above no 
cycle is repeated. It will be apparent, of 
course, that where the tripping coil 11 is 
also used in this arrangement for normal 
tripping the polarity of the tripping coil 
would automatically be reversed in accord- 115 
ance with reversal of the polarity of the 
coil 1, in order to maintain a proper trip- 
ping relation of the interacting fluxes. 

By way of example, we have found that 
a device which has a 2 I / 2 " stroke and a 120 
maximum charge spring pressure of 1500 
pounds can be reclosed by the above 
method in 0.25 seconds. This is con- 
sidered to be excellent reclosing time since 
an increase in the speed might in -certain 125 
cases be undesirable due to possible incom- 
plete clearance of the fault and the 
presence of ionized gas. 

It will also be apparent that reclosing 
can be accomplished simply by energising 130 
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the tripping coil 11 and thereupon, imme- For the purpose of facilitating- the trip- 
diately energising the coil 1 at normal ping operation, two separate tripping coils 
polarity. This method is also compara- 36 and. 37 are compactly arranged adja- 
tively fast, the reclosing time for a specific cent to the two holding surfaces at 3 and 
5 device being hut one cycle slower than hy 33. Accordingly, when the deviee is to 70 
the reverse polarity method above be tripped the coils 36 and 37 can. be ener- 
described. gized either separately or simultaneously, 
The main charging coil 1 is, in the to establish an opposing flux at the hold- 
present instance, composed of a single coil ing surfaces for permitting immediate 
10 energised from a direct current source, opening of the armature under the influ- 75 
However, where a direct current source is ence of spring 6. 

not available, the solenoid can comprise The present arrangement shown as 

two separate coils interlea-ved and operated applied to a simple form of circuit breaker 

from a source of alternating current comprises a pair of fixed contacts 38 and 

IS through a full wave rectifier. Where two 39 and a co-acting bridging contact 40. 80 

coils are used, a series connection is The insulating operating rod 41 of the cir- 

employed for 250 volt operation, and a cuit breaker is in effect a continuation of 

parallel connection for 125 volt operation, the plunger rod 5 and has affixed thereon 

In case of parallel operation the two coils a piston 42 operable within a fixed 

20 must" have the same characteristics, and cylinder 43 depending from the lower pole 85 

to this end the coils are interleaved so as piece 3. The spring 6 is seated between 

to have the closest possible coupling. If a fixed shoulder 44 in the cylinder 43 and 

not, and the two windings have different the movable piston 42 so as to bias the 

resistances, it is possible by parallel con- plunger 4 and. the bridging contact 40 

25 nection. to make the device close and toward the open position. The piston 42 90 

remain closed only as long as current in opening the breaker functions also as a 

passes through the two windings in blast producing device, the conduits indi- 

parallel. "When the total current is inter- cated at 45 at the lower end of the cylinder 

rupted the device will no longer remain being utilized in any suitable manner for 

80 closed, but will trip open because a com- directing an arc-extinguishing fluid into 95 

plete circuit still remains in the parallel the arcs. Although the action of the 

connection whereby the difference in the piston 42 on the fluid at the lower part of 

two coil currents is a reverse component the cylinder 43 serves to cushion the fatter 

in one coil producing an unwanted, trip- part of the opening stroke, a rubber buffer 

35 ping action. However, when the two coil 46 seated on the shoulder 44 can also be 100 

currents are interrupted separately, the provided for this purpose, 
device Temains closed under influence of As in the ease of the cylindrical form 

the permanent magnet flux until a trip- of permanent magnet, the disc form of 

ping' flax is established in the manner magnet in Fig. 3 is fully recharged on 

40 above described. each energisation of the solenoid 1, and 105 

The present invention is not primarily this charging action is intensified by tne 

concerned with the remote control system closing impact due to the plunger 4. By 

for energising the charging and tripping way of example, we have found that a 

coils, and it will be apparent that the ener- device constructed according to Fig. 3 and 

45 gising circuits can be controlled by simple provided with a disc magnet 5" in 110 
manual switching means, or by the usual diameter and 1" thick of precipitation- 
relay system for automatic operation, hardened permanent magnet alloy has a 
Also, both methods of control may be com- holding force of approximately 1500 
bined in a. well known manner as in the pounds that is effective to control 1200 

50 case of automatic circuit breakers. pounds of stored spring energy. It will U5 

Fig. 3 illustrates a modified form of the therefore be apparent that such a device is 

invention wherein the permanent magnet capable of initiating within a small frac- 

M comprises a disc 31 secured as at 32 tion of a second a powerful high sspeed 

between the upper pole piece 2 and a steel working stroke notwithstanding the small 

55 disc 33. The magnetic circuit is com- simple compact structure involved. 120 
pleted by a magnetic cylinder 34 and the It will be apparent that the device above 

lower pole piece 3 through which the moy- described is also capable of operating 

able plunger armature 4 operates. As in through a high speed reclosing cycle, the 

the previous instance, the armature 4 is reverse polarity method previously 

60 designed to make simultaneous butt con- described being "preferred. Fig. 4 also 125 

tact at the pole piece 3 and disc 33. A fibre . illustrates graphically the reclosing per- 

spacer 35 serves to maintain the proper f ormance of this device, 
flux insulating gap between the plunger In Fig. 5 there is illustrated a modifi- 

and the pole piece 3, along the side cation of our invention particularly 

65 parallel to the direction of motion. applicable to circuit breakers where the 130 
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so-called trip-free action is desired. That 
is, when, the circuit breaker is closed on a 
fault the breaker is immediately tripped 
open notwithstanding continued energisa- 
5 tion of the closing mechanism. Refer- 
ring more particularly to Pig. 5, the per- 
manent magnet M in the form of a 
cylinder 9 is provided as in the case of Fig . 
1 with upper and lower pole pieces 2 and 

10 3 and a main spring-charging coil 1. In 
the present case, however, the magnet is 
provided with two separate armatures 48 
and 49 arranged to co-act with the pole 
pieces 2 and 3 respectively. A stationary 

15 iron core 50 is mounted centrally of the 
coil 1 for completing the magnetic cir- 
cuit. The armatures 48 and 49 are nor- 
mally biased in opposite directions by a 
spring 51, and to this end the armature 

20 48 is provided with an operating rod 52 
terminating in a piston member 53 which 
serves as a seat for the upper end of the 
spring 51, and the armature 49 is provided 
with a suitable extension 54 serving as a 

25 seat for the lower end of the spring. It 
will therefore be noted that when the 
spring is compressed the armatures are 
biased in opposite directions. 
In the position illustrated the device is 

30 in the open position, the upper or anchor 
armature 48 being seated on the pole piece 
2, so that when the coil is energized the 
energizing flux serves, together with mag- 
net M, to hold the anchor armature in such 

35 position. As the lower armature 49 is 
drawn into the solenoid toward the fixed 
armature 50, the spring 51 is compressed 
against the fixed piston 53 of the anchor 
armature. Accordingly, when the arma- 

40 ture 49 makes contact at 3 and 50, the 
magnetic circuit is completed so that the 
coil 1 can be_ de-energised and the two 
armatures held against the respective pole 
pieces against the bias of spring 51 by the 

45 permanent magnet flux. 

Assuming now that the device is in 
closed position and is to be tripped in the 
normal manner, a trip coil -55 disposed 
adjacent the holding surfaces at the pole 

50 piece 3 and armature 49 is energised to 
establish a flux opposing the holding flux. 
The spring 51 is thereupon effective to 
return the apparatus to the position 
shown. If now trip-free operation is 

55 desired, a second tripping coil 56 disposed 
adjacent the holding surfaces of the pole 
piece 2 and anchor armature 48 is ener- 
gised during the normal closing stroke 
above described so as to release the anchor 

60 armature. When this takes place the 
upper end of the spring at 53 is no longer 
restrained with the result that the spring 
cannot be recharged even though the 
armature 49 is moved by the closing coil to 

66 its fully closed position. "Where the 



operating force of the coil 1 is compara- 
tively large it may be desirable to energise 
both trip coils 55 and 56 for the trip-free 
operation above described. 

For the purpose of diagrammatically 70 
illustrating the application of the above 
device to a circuit breaker, reference is 
had to Figs, da, bb and 5c which illus- 
trate the open, closed and trip-free posi- 
tions respectively of the device. The 75 
cireuit-contiolling contacts are indicated 
at 57 and 58 and are connected to the 
anchor armature 48 and the lower or 
charging armature 49 respectively. Fig. 
5a illustrates the circuit breaker in open 80 
position with the anchor armature in "the 
holding position. In Fig. 56 the charg- 
ing coil has raised the armature 49 so as 
to close the contacts. Sbrmal tripping is 
accomplished simply by releasing the 85 
armature 49 so that the contact 58 again 
drops to the position shown in Fig. 5a. In 
Fig. 5c, however, the anchor armature is 
released for trip-free operation during 
closing with the result that this time con- 90 
tact 57 moves upward to break the circuit. 
Besetting of the device to the position 
shown in Fig. 5a takes place under the 
influence of gravity when charging coil is 
de-energised so that the two arraatores 95 
are released. 

In case of normal tripping by one 
coil, it may be advantageous to provide a 
p ositive flux in the other coil so as to assist 
in maintaining in position the armature 1,00 
which is functioning as the anchor. 

The device shown by Fig. 6 is s imil ar 
in principle to that disclosed by Fig. 5 
and provides for normal closing, high 
speed tripping, trip-free operation during JQ5 
any port of the closing stroke and high 
speed reclosing. The device is shown as 
applied to a circuit breaker of the fluid 
blast typej and as in the previous instance 
comprises a main spring - charging HO 
coil 1, and anchor armature 48 and 
spring - charging armature 49. The 
permanent magnet structure, however, 
in tiie present instance is of the 
disc type and comprises two separate 115 
magnet discs Mi and M 4 suitably 
assembled with respect to a steel spacing 
plate 60 and fixed steel pieces 61 and 62. 
The upper and lower pole pieces 2 and 3 
are spaced as in the case of Fig. 3 by a 130 
steel cylinder 63 for completing the mag- 
netic circuit. 

Accordingly, when the.anchor armature 
48 is locked in position by the -holding flux 
of magnet Mi, energising of the charging 125 
coil 1 is effective to raise the armature 49 
and compress the spring 6 in the manner 
described in Fig. 5. As in the previous 
instance the anchor armature 48 is pro- 
vided with an operating rod 64 slidably 130 



536,281 



7 



guided in tLe permanent- magnet structure 
and armature 49. Secured to the rod 64 
is a piston 65 comprising a seat for the 
upper end of the spring 6. The lower 
6 end of the spring seats at 66 in a cylinder 
67 carried -by the armature 49. 

The circuit breaker structure opera- 
tively connected to the armatures 48 and 
49 respectively comprises a pair of rela- 

10 tively movable contacts 68 and 69 
arranged for circuit-controlling move- 
ment in the manner diagrammatically 
illustrated in Jigs. 5a, 56 and be. In the 
present instance,, the anchor armature rod 

16 64 is secured to a tubular member 70. The 
jtubular member 70 is provided with a 
port 70 1 located above the piston 65 so that 
upward movement of the piston is effective 
to drive fluid from the cylinder 67 down- 

20 ward through the tubular member 70 and 
the tubular contaet 68 that forms there- 
with a continuous fluid passage. The con- 
tact 68 can be suitably insulated from the 
magnet structure by means of an insulat- 

25 ing coupling- 71. The co-acting contact 
69 is suitably carried by the armature 49 
by means of insulating supports 72 con- 
stituting in effect a frame depending from 
the cylinder 67. The contacts can 'be 

80 connected to the external circuit at the 
terminal 68 1 and 69' respectively. 
_ It is believed that the circuit-control- 
ling operation is apparent from the pre- 
vious description. In the open-circuit 

35 position shown, the anchor armature 48 is 
held fast by the flux of the permanent 
magnet M t and the apparatus is in readi- 
ness for the closing- operation which is 
effected by the charging coil 1. During 

40 the charging operation the piston 65 
remains fixed and the armature 49 is 
raised to compress the spring 6. If the 
breaker is being closed on a fault, the trip 
coil 36 immediately establishes a releasing 

45 flux at the anchor armature 48. The 
spring 6 is now effective to drive the piston 
65 upward as the anchor armature is 
released with the result that a high 
velocity blast of fluid is directed through 

50 the tubular contact 68 and into the arc 
path between the separating contacts 68 
and 69. This action can be concurrent 
with continued upward movement of the 
armature plunger 49 to closed position. It 

55 will be noted that the above-described 
blast action takes place, either in case of 
trip-free operation, or during normal high 
speed tripping, since in both cases there 
is relative movement between the piston 

60 65 and cylinder 67 tending to drive fluid 
through the contact 68. As in the case of 
Fig. 5 the tripping coil 37, located adja- 
cent to the holding surface of armature 
49, is also provided for tripping the afore- 

65 said armature for normal opening. It will 



be apparent, of course, that normal trip- 
ping can be accomplished by releasing 
either armature 48 or 49 by suitable ener- 
gisation of the trip coil 36 or 37 respec- 
tively. JO 

In order that the charging flux of the 
coil 1 shall be more effective to assist the 
magnet H, in holding fast the anchor 
armature 48, the steel spacer 60 can 
be notched at 60 1 , as illustrated 71 
to provide a more saturable path, so 
that the charging flux will not be 
mainly shunted through that part 
of the magnetic circuit. During the afore- 
said charging operation the magnet M 2 W 
being in series with the main charging 
flux is charged for the subsequently hold- 
ing duty. In order to insure proper 
charging of the magnet M x a separate coil 
78 can be provided for this purpose. 86 

Fig. 6a illustrates diagrammatically the 
force-travel relation between the spring 
6 and the permanent magnet and charging 
coil for the above type of operating mech- 
anism. 90 

Referring to Fig. 7 there is shown a 
modified form of armature wherein the 
pole pieces 2 and 3 1 and the co-acting 
armature 74 are provided with a plurality 
of concentrically arranged holding sur- 
faces thereby increasing' by several times 
the total holding force of the permanent 
magnet flux as compared with a device in 
its most simple form. That is, the total 
holding flux is gainfully used a plurality 100 
of fames. In this arrangement the arma- 
ture 74 is provided with two concentric- 
ally arranged ringlike members 75 and 76 
of magnetic material spaced at 77 to form 
an annular insulating gap. The mem- 105 
bers 75 and 76 are assembled with respect 
to the armature operating rod 79 by means 
of an insulating plate 78. The pole piece 2 
is likewise provided with an annular insu- 
lating gap 80 arranged staggered with U0 
respect to the gap 77 of armature 74, so 
that the flux from the permanent magnet 
M threads the armature and pole pieces 
as illustrated at four separate holding sur- 
faces. The area of these holding surfaces 115 
is of course designed so that it is an 
optimum with respect to the holding flux 
produced by the magnet M. The above 
arrangement, although increasing some- 
what the reluctance of the magnetic eir- 120 
cuit, increases by several times the total 
holding* force produced by the magnet 
flux. The tripping flux of the coil 11 is 
effective to cause release of the armature 
in the manner above described by reduc- 125 
ing the holding force at the adjacent hold- 
ing surfaces below the opposing force of 
the spring. That is, the loss of holding 
power at the innermost holding surfaces 
adjacent to the tripping coil is sufficient 130 
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to cause tripping, since as previously 
pointed out. tripping can he. accomplished 
by a reduction, of but approximately 10%: 
of the holding flux. 
5> For the purpose of calibration where a 
comparatively sensitive device is required, 
the armature 74 and co-acting pole piece 
can. be designed so that simply by rotat- 
ing the armature 74 jjhe holding force 
10 can be varied between wide limits. To 
this .end the ring 76 of the armature, 
instead of being a continuous steel mem- 
ber, is formed as alternate sections of non- 
magnetic material or insulation. 81, and 
15 steel 82 as illustrated by Fig. 8. ' For 
co-acting with the armature 74 the inner 
part of the pole piece at 83 is similarly 
constituted of alternating insulating and 
steel sections 84 and 85 respectively. 
20 It will therefore be apparent, referring 
again to Fig. 7, that "the path for the total 
holding flux can include in series either a 
high reluctance or a low reluctance sec- 
tion simply by rotating the armature 74 
25 with respect to the fixed pole piece 2 so 
that the insulating and magnetic sections 
are either in alinement or stagger ed to the 
degree desired. 
It should be understood that our inven- 
80 tion is not limited to specific details of 
construction and arrangement thereof 
herein illustrated, and that changes and 
modifications may occur to one skilled in 
the art without departing from the spirit 
35. of our invention. 

Having now particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to 
be performed, we declare that what we 
40 claim is:. — 

1. Electromagnetic operating mech- 
anism comprising a magnetic structure 
including a relatively movable armature 
arranged to form a magnetic circuit with 
45 a permanent magnet, the armature being 
reciprocally movable and comprising 
cylindrical portions of different diameters 
adapted to form with the magnetic struc- 
ture separate holding surfaces normal to 
50> the direction -of motion of the armature, a 
spring structure for biasing^ the armature 
toward an open magnetic circuit position 
for effecting a working stroke, an energis- 
ing coil alsoi related to the magnetic cir- 
55 cuit for attracting the armature to the 
closed magnetic circuit position against 
the bias of the spring structure, the per- 
manent magnet being effective solely to 
hold the .armature at the holding surfaces 
60 in the closed magnetic circuit position 
against the bias upon de-energisation of 
the coil, and electromagnetic means (e.g. 
a separate coil) for estabHshing and con- 
centrating' an opposing flux at one of the 
65 holding surfaces for releasing the arma- 



ture whereby the spring structure is effec- 
tive to move the armature at high speed 
to the open magnetic circuit position. 

2. Electromagnetic operating mech- 
anism as claimed in Claim 1 in which the 70 
armature is a movable plunger reciproc- 
ally guided for simultaneous butt contact 

at a plurality of holding surfaces with the 
magnetic structure. 

3. Electromagnetic operating^ mech- 75 
anism as claimed in Claim 1 or 2 in which 
the magnetic structure includes means for 
establishing a TrnniTnuTn flux path length 
for the opposing flux at the holding sur- 
face. 80 

4. Electromagnetic operating anech- 
anism as claimed in Claim 3 in which the 
magnetic structure adjacent said normal 
holding surface is spaced by an insulating 
gap of the order of one-sixteenth of an 85 
inch from a surface of the plunger that is 
parallel to the direction of motion thereof 
whereby slight initial movement of the 
plunger under influence of the spring bias 
effects shifting of the holding flux from 90 
the normal surface to the parallel surface 
for insuring high acceleration of the 
working stroke. 

5. Electromagnetic operating mech- 
anism as claimed in Claim 3 or 4 in which 95 
the plunger has an annular flange 
arranged to seat in a corresponding recess 

in the magnetic structure so as to form 
holding surfaces both normal and parallel 
to the direction of motion of the plunger. 100 

6. Electromagnetic operating mech- 
anism as claimed in any preceding claim 
provided with means arranged to reverse 
the polarity at the energising coil of the 
magnet for establishing a flux opposing 105 
the holding flux thereby causing a work- 
ing movement under the bias of the spring 
means, the energising current in the coil 

at the reverse polarity subsequently caus- 
ing immediate reclosure of the armature, hq 

7. Electromagnetic operating mech- 
anism as claimed in any preceding claim 
of the trip-free type, comprising a mov- 
able armature coacting with a solenoid, a 
permanent magnet and an anchor arma- 115 
ture coacting therewith, a spring opera- 
tively interconnecting the armatures and 
arranged to be stressed when the anchor 
armature is held closed by the permanent 
magnet coincident with actuation of the 120 
first-named armature by the solenoid, and 
electromagnetic'means for establishing an 
opposing flux at the anchor armature for 
releasing the same irrespective of ener- 
gisation of the solenoid. J25 

8. Electromagnetic operating " mech- 
anism of the trip-free type as claimed in 
Claim 7 comprising a pair of movable 
armatures coacting with pole pieces fixed 

to a permanent magnet structure, circuit 130 
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controlling contacts connected to both the 
armatures respectively, a spring intercon- 
necting the armatures so as to bias the 
contacts toward open circuit position, the 
r 3 ? 0± *he . Permanent magnet structure 
being effective to hold one of the arma- 
tures against the spring bias, an energis- 
ing coil for attracting the other armature 
so as to compress the spring against the 

10 permanent magnet holding force, and a 
tripping «oil &p establishing a flux oppos- 
ing the holding flux for permitting trip- 
iree operation of -fee contacts during 1 the 
closing stroke. 

15 9. Electiomagnetic operating mech- 
anism as claimed in Claim 8 in which the 
premanent magnet structure comprises a 
pair of magnets each coaeting with an 
armature and having a tripping coil for 

20 establishing a flux opposing the holding 
flux of the magnet. 
10. Electromagnetic mechanism as 



claimed in any preceding claim compris- 
ing an armature having a plurality of 
coaeting holding surfaces spaced by insu- 25 
latmg gaps so that the holding flux estab- 
lished by the magnetomotive force threads 
the armature and magnetic structure at a 
plurality <>f different points for increasing 
th© armature holding force, said coaeting 30 
holding surfaces each having non-mag- 
netic sections alternating with magnetic 
sections whereby the holding force can be 
calibrated by relative movement of the 
armature in a plane parallel to the hold- 35 
mg surfaces. 

11. Electromagnetic operating mech- 
anism constructed and arranged for opera- 
tion substantially as described with refer- 
ence to the accompanying drawings. iq 

Dated this 14th day of December, 1939 
A. S. OACHEMAILLE, 
Crown House, Aldwych, London, W.C.2, 
Agent for the Applicants. 



